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The development of bacterial endocarditis was analyzed after dental extractions in rats
with or without periodontal disease. Periodontal disease was produced in rats by tying
silk ligatures around the two maxillary first molars and placing the animals on a high
sucrose diet for 14 weeks. Sterile aortic valve vegetations were produced by means of a
transaortic catheter, and 24 hr later the maxillary first molars were extracted. The animals
were killed 72 hr after the extractions. In rats with periodontal disease, extractions resulted
in a 48070 (14 of 29) incidence of bacterial endocarditis, most cases of which were due
to Streptococcus spp. (one was caused by Staphylococcus aureus). In contrast, when the
teeth with a healthy periodontium were extracted, only 6070 (one of 15) of the rats devel-
oped endocarditis. When catheters were placed in anim, tis with periodontal disease but
no extractions were performed, no endocarditis occurp~d.
Recommendations for antibiotic prophylaxis against
bacterial endocarditis after dental procedures are
based largely on studies with animal models [1-7].
In these studies, sterile vegetations are produced by
insertion of a plastic catheter through the aortic valve
of the animal. After administration of an appropri-
ate antibiotic, a large inoculum of a known bacte-
rium is given by iv injection. Such studies have led
to an improved knowledge of the natural history of
bacterial endocarditis in the rabbit and the rat but
obviously have not led to an improved understand-
ing of the relationship between teeth and bacterial
endocarditis.
Dental diseases and their treatment have been
strongly implicated in the development of bacterial
endocarditis in the susceptible individual [8-13]~ How-
ever, the evidence supporting this hypothesis iscir-
cumstantial. An estimated 5010-50010 of clinical cases
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of endocarditis are caused by organisms that are nat-
ural inhabitants of the oral cavity [12-18]. Various oral
manipulations have produced bacteremias linked to
bacterial species that are commonly involved with
endocarditis [19-21]. Bacterial endocarditis not in-
frequently follows dental treatment, especially sur-
gical procedures [22]. However, studies in humans
that would directly link dentally induced episodes
of bacteremia with subsequent bacterial endocardi-
tis cannot be performed for ethical reasons [5].
The present experiment was undertaken to exam-
ine the relevance of preexistent periodontal disease
on the development of bacterial endocarditis in
catheterized rats after the extraction of teeth.
Materials and Methods
Induction ofperiodontal disease. Three groups
of female Wistar rats (body weight, 180-200 g) were
studied. Groups 1 and 2 consisted of animals in
which gingival irritation was induced when size 000
black silk ligatures were placed at the cervical mar-
gins of the maxillary right and left first molars. These
ligatures were leftin place for the remainder of the
experiment. The animals were then maintained on
a powdered, high-sucrose diet (Keyes' diet 2000; Tek-
lad, Madison, Wis) ad libitum for 14 weeks. Such
a regimen is sufficient to initiate periodontal lesions
in the rat [23-25]. Group 3 comprised animals fed
a normal diet in the animal facility for 14 weeks. Rep-
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resentative animals were taken from each group and
prepared histologically for documentation of the
presence of periodontal disease.
Production of sterile aortic valve vegetations.
Sterile aortic vegetations were then produced in all
animals by a modification of a previously described
method [26]. A polyethylene catheter (model PPlO;
Portex, Hythe, Kent, England) was passed through
the aortic valve via the right carotid artery and se-
cured with a silk ligature. The catheter was left in
place until the animal was killed.
Dental extractions. Twenty-four hours after
catheterization, two teeth - the maxillary right and
left first molars - were extracted from the animals
in groups 1 and 3. No extractions were performed
in group 2 for determination of whether the pres-
ence of periodontal disease alone could induce bac-
terial endocarditis. The two extractions were accom-
plished in a 4-min period. Immediately after the
extractions a 1.0-cm incision was made over the ster-
noclavicular region, and the left jugular vein was ex-
posed. Blood (0.5 ml) was then drawn via the left
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jugular vein 1 min after extraction and plated on
blood agar. For technical reasons it was not always
possible to obtain this sample. Blood was taken from
animals in the nonextraction group (group 2) and
treated similarly. The colonies on the pour plates
were counted and identified 24-48 hr later.
Killing ofanimals and evaluation ofbacterial en-
docarditis. Rats were killed 72 hr after extractions,
and the aortic vegetations were excised, weighed,
homogenized in 1 ml of 0.85070 NaCl, serially diluted,
and plated both aerobically and anaerobically. Af-
ter all animals that did not exhibit vegetations were
excluded, 29 animals remained in group 1 and 15
each in groups 2 and 3. Colony counts were done
after incubation for 24-48 hr at 37 C. This method
permitted the detection of 102 cfu/g of vegetation.
All bacteria were then identified and speciated with
use of the API® system (Analytab Products, Plain-
view, NY).
Histological technique. After fixation in forma-
lin the teeth were decalcified with 5% formic acid,
infiltrated, and embedded in paraffin. Sections were
Figure 1. Histological sections of the interdental area between the maxillary first and second molars of rats with
(left) and without (right) periodontal disease (stained with hematoxylin and eosin). In rats with periodontal disease,
the junctional epithelium (JE) has migrated from near the cementoenamel junction (eEJ) toward the root apex (below).
A moderate inflammatory response has resulted in resorption of the alveolar bone (AB). The distance between eEl
and the level of AB is considerably larger than that in rats without periodontal disease. In the latter animals, note
the short distance between eEl and lE and between eEl and AB,as well as the diminished signs of inflammation.
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cut at 7 ~m. Every other section was stained with
hematoxylin and eosin.
Statistical analysis. The x.z test with Yates's cor-
rection and the Wilcoxon rank sum test were used
for statistical analysis.
Results
Periodontal status. In the animals that had liga-
tures and that were maintained on the high-sucrose
diet (groups 1 and 2), clinical examination before the
extractions showed evidence of the presence of perio-
dontal disease. Moderate amounts of plaque had ac-
cumulated in the area next to the ligatures. Occa-
sionally this debris appeared and felt calcified when
the extractions were performed. The gingiva adja-
cent to the ligatures appeared erythematous and
somewhat enlarged. At least part of the enlargement
was due to displacement by the ligatures. In histo-
logical examinations of animals from groups 1 and
2, the junctional epithelium had routinely migrated
away from the cementoenamel junction (figure 1,
left). The gingiva was moderately inflamed in most
specimens and was characterized by increased vas-
cularity, a predominantly PMNL infiltrate, and oc-
casionally resorption of alveolar bone. This loss of
bone corresponded to the apical migration of the
junctional epithelium.
Clinically the animals in group 3 appeared to have
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normal gingiva. The gingiva was pink, and there were
no clinical signs of inflammation, change in size or
architecture, or accumulation of plaque or debris.
Histologically the gingiva of the animals also ap-
peared normal (figure 1, right). Few inflammatory
cells were noted and seldom were seen in the subja-
cent connective tissue. The junctional epithelium was
invariably near the level of the cementoenamel junc-
tion. There was no evidence of alveolar bone loss.
Incidence ofendocarditis. Infective endocardi-
tis developed regularly after dental extractions in
group 1 rats with periodontitis (14 [48.3070] of 29),
whereas it seldom was found in group 3 rats with-
out periodontitis (one [6.7070] of 15; table 1). Perio-
dontitis alone without extraction (group 2) did not
result in development of endocarditis during the
three days after placement of the intracardiac poly-
ethylene catheter. Significantly more bacterial en-
docarditis was seen in group 1 animals versus either
group 2 or group 3 (P < .02). In all but one case of
endocarditis, streptococci were recovered from the
vegetations: J3-hemolytic streptococci from 12 rats,
a-hemolytic streptococci from 2 rats, and S. bovis
from 1 rat. In one animal, endocarditis was due to
Staphylococcus aureus. In all 15 animals with en-
docarditis the microorganisms grew from the vege-
tations in pure culture.
In table 1 are also reported the median numbers
of bacteria recovered from animals for which cul-
Table 1. Relationship among dental extractions, periodontal disease, and development of bacterial endocarditis in
rats with catheter-induced aortic valve sterile vegetations.
No. of rats (010) No. of rats with bacteremia Incidence of
Bacterial with bacteremial Median no. of cfulml bacterial
Type of procedure endocarditis no. tested* Monomicrobial Polymicrobial of blood (range) endocarditist
Group 1 Present 718 (88) 2 5 20 (0-200)t 14
Absent 8/9 (89) 1 7 11 (0-58)t 15
Total (%) 14/29 (48)§
Group 2 Present 0 0 0 0 0
Absent 1/15 (6.7) 1 0 o (0-2)t 15
Total (%) OilS (0)
Group 3 Present III (l00) 0 1 sot 1
Absent 9/12 (75) 6 3 10 (0-50)t 14
Total (%) 1/15 (7)
NOTE. Group 1 had periodontal disease and dental extractions, group 2 had periodontal disease but no extractions, and group
3 had no periodontal disease but had extractions.
* For technical reasons, cultures of blood could not be performed for all rats.
t The organisms cultured from rats with bacterial endocarditis were J3-hemolytic streptococci (l2 rats), a-hemolytic streptococci
(2 rats), and Streptococcus bovis (l rat).
t The relationship between the total no. of cfu/ml of blood 1 min after dental extractions and the subsequent development of
bacterial endocarditis was not significant when tested by the Wilcoxon rank sum test.
§ p < .05 when compared with group 2 and group 3 by the "/.,2 test with Yates's correction.
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tures of blood could be done after dental extractions.
Dental extractions produced episodes of bacteremia
in a significant number of rats 1 min after the ex-
tractions (groups 1 and 3), a phenomenon not ob-
served in the group that did not receive dental ex-
tractions (group 2). Although periodontitis was
necessary for consistent development of endocardi-
tis after dental extractions, the median bacterial
numbers found after extractions were very similar
in rats with normal teeth and in rats with periodon-
tally diseased teeth. Only the incidence of poly-
microbial bacteremia was somewhat higher in the lat-
ter group. Table 1 also shows the magnitude of
bacteremia in rats that subsequently developed en-
docarditis and in rats that did not. Although the av-
erage number of bacteria circulating after the extrac-
tions was higher in the animals that subsequently
developed bacterial endocarditis, the difference ~as
not statistically significant (P < 0.5).
Discussion
Previous attempts at the development of an animal
model for study of the relationship between dental
manipulations and subsequent bacterial endocardi-
tis have relied on addition of exogenous bacteria.
Bahn et al. [27] produced bacterial endocarditis in
catheterized rabbits by introduction of various-sized
inocula of bacteria into freshly created oral wounds,
a process demonstrating that the oral cavity could
be the source of the organisms that produced the en-
docarditis. However, a routine clinical procedure,
such as the extraction of teeth, did not result in bac-
terial endocarditis unless additional bacteria were in-
oculated into the extraction site wound. McGowan
and Hardie [28] induced bacterial endocarditis in
three of 20 catheterized rabbits by extracting teeth
while intermittently flooding the field with a suspen-
sion of 107-108 washed streptococci/ml of broth. The
present study has demonstrated that bacterial en-
docarditis can be consistently produced in catheter-
ized rats when teeth are extracted in the presence of
periodontal disease. The necessity for the presence
of periodontal disease was seen when bacterial en-
docarditis rarely developed after extraction of teeth
in the absence of periodontal disease. Although
periodontal disease alone did not produce bacterial
endocarditis in this series of experiments, the inter-
val that animals in this group were at risk for the
development of bacterial endocarditis was very short
(three days).
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Periodontal disease in rats is an infectious process
[23,29]. Under natural conditions, however, the rat
is very resistant to periodontal diseases. The present
experiments have confirmed that ligature-induced
gingival irritation and addition of a high-sucrose diet
reliably induce periodontitis. The large ulcerated area
of the gingiva next to the microbially colonized
plaque on the tooth surface serves as an excellent
portal entry for bacteria during function, dental ma-
nipulation, or both.
In humans, periodontal disease occurs spontane-
ously and reflects the inflammatory response to bac-
teria that colonize the surface of the tooth contigu-
ous to the gingiva, that metabolize local nutrients,
and that elaborate toxins that eventually penetrate
the epithelium of the gingival sulcus. This ulcera-
tion of the epithelium lining the space between the
tooth and gingiva results in a gingival pocket. In the
early stages of periodontitis, the connective tissue
attachment is lost near the crown of the tooth, and
the pocket epithelium begins to migrate apically
along the root surface. At this stage a periodontal
pocket is recognized. In periodontitis, unlike gingi-
vitis, the inflammation affects the bone homeosta-
sis with a net loss of bony support, which, when ad-
vanced, is characterized by mobility and eventual loss
of the teeth. Thus gingivitis and periodontitis can
be characterized as inflammatory responses to me-
tabolites of a mixed infection established on the
tooth surface [30, 31]. The pocket lining is ulcerated,
and the total surface area can become several square
centimeters as the pockets deepen.
Bayliss et al. [14] have suggested that "dental sep-
sis" and the lack of good dental hygiene are impor-
tant sources of bacteria for the subsequent develop-
ment of bacterial endocarditis in humans. In their
retrospective survey, 48 (8.8070) of 544 patients with
bacterial endocarditis had "dental sepsis" but had
not had dental treatment in the previous three
months. Another 176 patients with infective en-
docarditis due to viridans group streptococci were
considered dentally healthy, and the infection was
presumed not to be of dental origin, even though
viridans group streptococci are normally found only
in the oropharyngeal region. However, criteria to dis-
tinguish between subjects considered to have "den-
tal sepsis" or to be "dentally healthy" were not given.
Although gingivitis and early periodontitis are cer-
tainly not considered to be "dentally healthy," they
often remain undiagnosed unless carefully looked
for and, in addition, probably would not qualify as
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dental sepsis. It has long been recognized that spon-
taneous episodes of bacteremia occur in the pres-
ence of oral infection [19, 20], and thus gingivitis
and periodontitis may account for a number of the
cases of endocarditis.
In the present experiments there was a surprising
lack of correlation between the absolute number of
bacteria circulating 1 min after extraction and the
subsequent development of bacterial endocarditis.
Studies of endocarditis in rabbits or in rats have
demonstrated a relationship between the number of
bacteria injected for challenge and the incidence of
endocarditis that follows. Although with a given bac-
terial isolate there was a close relationship between
the inoculum size used for iv challenge and the sub-
sequent incidence of endocarditis, wide variations
in the ability to induce endocarditis have been ob-
served for similar streptococcal types and among
different streptococcal species [6, 32]. Thus the mag-
nitude of the bacteremia, whether resulting from iv
injections or from dental extractions, at a given time
might not ipso facto reflect the chances for a given
bacterium to induce endocarditis. Factors other than
the mere number of bacteria circulating might play
an important part in the ability to induce endocardi-
tis, such as the interval the bacteria are circulating
after challenge or adherence properties. Further
studies are needed to clarify these issues. The sig-
nificance of the polymicrobial bacteremia might be
that several species circulate and therefore may in-
crease the chance for more virulent or more adher-
ent forms to circulate.
In conclusion, we have demonstrated that endo-
carditis can be reliably produced in rats with catheter-
induced aortic vegetations after extraction of perio-
dontally diseased teeth. This model mimics more
closely human endocarditis than that induced after
iv bacterial challenge. It may permit the study of
the relationship between dental manipulations and
the subsequent development of endocarditis and the
careful testing of antibiotic prophylactic regimens
currently recommended for humans.
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